Penelitian ini dilakukan untuk mengkaji pengaruh suplementasi minyak biji kapok (MBK) terproteksi dalam kombinasinya dengan konsentrat, dalam hal ini bekatul terhadap status lipida daging domba ekor tipis (DET) yang mendapat rumput lapangan (RL) sebagai pakan basal. Sebanyak 24 ekor domba DET jantan digunakan sebagai bahan percobaan yang dibagi dalam 8 kelompok perlakuan. Terdapat 2 faktor perlakuan, yakni suplementasi MBK (faktor I) dan suplementasi konsentrat yakni bekatul (faktor II). Faktor I terdiri atas 2 aras, yakni 0% (S0) dan 10% (S1), sedangkan faktor II terdiri atas 4 aras, yakni 0% (K0); 15% (K1); 30% (K2) dan 45% (K3), berdasarkan konsumsi BK. Variabel yang diukur meliputi kandungan lemak intramuskuler (LIM), bilangan iodin (BI) asam lemak daging, kandungan kolesterol dan asam lemak omega 6 daging (dalam hal ini asam linoleat). Data yang terkumpul diolah secara statistik dengan analisis ragam, pola perlakuan faktorial 2 x 4 dalam rancangan acak lengkap (RAL). Kandungan LIM domba-domba yang mendapat suplemen MBK pada aras 0 dan dedak halus 15% tidak berbeda nyata dengan kandungan LIM domba-domba tanpa suplementasi MBK dengan aras pemberian bekatul yang sama (3,45 dan 3,99 vs 3,01 dan 3,75% 
INTRODUCTION
Beef consumption in Indonesia was about 23%, whereas small ruminant meat (sheep and goat) was only 5% (Ditjen Bina Produksi Peternakan, 2006) . According to Arinto (2006) the low consumption of lab and mutton, due to public cholesterol phobia issue. The effort to solve those problems are needed to be conducted to increase the demand of lamb and mutton in Indonesia. Animal production technology which could decrease the cholesterol content and fatty acid saturation degree and/or increase the essential fatty acid content (in this case omega 6 fatty acid, namely linoleic acid) in lamb, was expected to solve those problems (Sheridan et al., 2003; Wood et al., 2004; Nuernberg et al., 2006; Chen et al., 2010) .
One of the alternative technology, was polyunsaturated fatty acids (PUFA) source supplementation, in this case was omega 6 fatty acids, namely : linoleic acid. There was a close relation between the increasing of PUFA intake and meat quality (Doureau et al., 2010) . Preferentialy PUFA will be deposited in the muscle (Christie, 1979b; Raes et al., 2004) . Those also affect the composition and saturation degree of meat fatty acid that contributed to consumer health. The saturation degree of meat fatty acid decreased along with the high PUFA content (Laliotis et al., 2010) . In addition to metabolic function that had been described above, PUFA (in this case omega 6 fatty acids) especially linoleic acid and arachidonic acid had a role in maintenance of epidermal water barrier in related to skin health (Murray et al., 1997) . Arachidonic acid was also the eicosanoid precursor which is very important in immunity maintenance (Sardesai, 1992) . Decreasing of meat fatty acid saturation degree was important in related to the role of PUFA in control the cholesterol status. Borys et al. (2004) stated the interrelationship between the increasing of cholesterol concentration and unsaturated fatty acid consumption, also the role of PUFA in decreasing of blood cholesterol concentration. Linoleic acid was phosphatidilcholline component, which was the main phospholipid in high density lipoprotein (HDL). Those could carry out the cholesterol from periphery tissue as well as other lipoprotein for its oxydation in the liver (Dodson et al., 2010) . To obtain the real benefit of PUFA in ruminant feeding, supplementation of PUFA source was required in adequate level and in protected form. Protection treatment was required to avoid the PUFA from biohydrogenation by rumen microbes (Scollan et al., 2003; Chilliard et al., 2007) . Protection was also required to eliminate the negative impact of the high level PUFA supplementation, namely the decreasing of fiber degradability (Aharoni et al., 2004) . Partial protection of PUFA source, enable to utilize effectively the influence of PUFA to increase the ruminal energy efficiency and propionic acid production or decreased the acetic acid / propionic acid molar proportion ratio (Jale et al., 2007) .
Kapok seed oil (KSO) was one of potential PUFA source. According to Widiyanto (2010) , PUFA proportion in KSO was 71.98%. About 62.32% of those was linoleic acid, whereas oleic and linolenic acid were 33.35 and 4.32%, respectively.
The aims of this investigation were to study the influence of protected KSO supplementation on lipid status of lamb, especially in cholesterol and omega-six fatty acid. This investigation also resulted the technology of omega-six fatty acid source protection and its supplementation on small ruminant to produce the healthy lamb as high quality food.
MATERIALS AND METHODS
The materials in this investigation were protected KSO as feeding supplement, field grass (FG) as basal feed, rice bran (RB), 24 heads of java thin-tailed sheep at 6 month ages with 12.87 ± 1.53 kg average body weight, as experimental unit. The PUFA source (KSO) was used at 10% supplementation level with 75% protection level (Widiyanto et al., 2007) . The major equipments consisted of animal balance, feed balance, analytical balance, individual pen and its equipment, feces bag, venoject tubes and its needle, waterbatch, ultracentrifuge and gas chromatography. The accuracy of animal balance was 1 g, feed balance was 1 g, and analytical balance was 0.0001 mg. Venoject tubes and its (Widiyanto et al.) needle were used for blood sampling, water bath as heater for KSO saponification process. The ultracentrifuge was used to determine lipoprotein, whereas gas chromatography was used to determine PUFA proportion.
Inclusion of Kapok Seed in Diet
Twenty four heads of experimental sheep were divided into 8 groups based on treatment combination. There were 2 treatment factors, those were protected KSO supplementation (S) as factor 1 and feeding RB (K) as factor 2. Treatment of factor 1 consisted of 2 levels, namely without supplementation (S0) and with supplementation (S1). Treatment of factor 2 consisted of 4 levels, namely: 0% (K0); 15% (K1), 30% (K2) and 45% (K3).
The experiment proceeded for 3 months, including 10 days adaptation period, 10 days preliminary period and 70 days observation period. During experimental period, forage was fed ad libitum. Concentrate was fed every morning, whereas water was supplied continously. Mineral mixture consisted of limestone, bone meal and salt (1:1:1) to be fed free choicely (Tillman, 1978) .
Feed consumption and body weight data were collected after preliminary period. Weighing of body weight were conducted weekly, in the morning before feeding, as the base of supplementation and was used for calculation of supplementation feeding. The feed efficiency was expressed as body weight gain per unit feed consumed. Determination of dry matter, organic matter and lipid digestibilities were conducted in the second month of feeding experiment, by total collection method (Moore, cited by Harris, 1970) . At the end of feeding experiment, all of experimental sheep were slaughtered, which done after 12 hours fasting to determine the slaughtered weight. Carcass were weighed, then the meat was separated from the bone to calculate meat/bone ratio. Meat samples from m. longiisimus thoracis were used to determine intramuscular fat (IMF), meat cholesterol content (Lieberman-Burchard, cited by Tranggono et al., 1979) and iodine number (Plumer, 1971) . Determination of relative proportion of meat linoleic acid was done according to Ponnampalam et al. (2001) The collected data were analyzed statistically by analysis of variance in completely randomized design. Difference of means between treatment groups were analyzed by Duncan method (Sugandi and Sugiarto, 1993) .
RESULTS AND DISCUSSION

Study in meat lipid content was based on level of intramuscular fat (IMF) and cholesterol, relative proportion of linoleic acid and iodine number (IN).
Intramuscular Fat
Intramuscular fat (IMF) consists of structural and deposit fat. Most of structural fat found as biomembrane integral constituent, especially as phospholipid, whereas deposit lipid found in interfascilular adipose tissue, most as triglycerides (TG) and smaller part as mono and diglycerides, cholesterol, cholesterylester (CE), non esterified fatty acids (NEFA), and phospholipids (Dodson et al., 2010) .
Intramuscular fat also found in cellular droplet (Christie, 1979a) . Variance analysis showed the influence of protected KSO supplementation and feeding RB, and its interaction on IMF content in experimental sheep (P<0.05).
Intramuscular fat content in m. longisimus thoracis of sheep received RB at 0, 15, 30 and 45% levels without KSO supplementation were 3.04, 3.875, 4.32 and 5.40%, respectively, whereas in groups receiving protected KSO were 3.45, 3.51, 4.75 and 5.93, respectively (Tabel 4.) . Bell (1979) and Pethick et al. (2005) , the RAC had important role in lipogenesis, namely as NADPH source through the pentose phosphate pathway and glycerol-3phosphate source for long chain fatty acid esterification by activation of glicolysis and glycerol phosphate dehydrogenase. Bonnet et al. (2007) stated that decreasing of molar proportion ratio of acetic acid/ propionic acid (A/P) due to increasing of RAC consumption will increase glucose production. Increasing of glucose production stimulated insulin hormone secretion that had important role in lipogenesis. Zhang et al. (2009) indicated that supplementation of 180 g starch per day to sheep resulted in higher (P<0.05) blood insulin hormone concentration than sheep received 120 g starch per day (0.64 vs 0.53 ng/ml). Faulconnier et al. (2007) and Vakili et al. (2011) stated that insulin increased lipogenesis by lipolysis inhibition and increased the glucose entry into adipocyte for lipogenesis. The influence of those RAC on IMF was higher along with increasing of RB feeding (up to 45%). Lipid consumption in sheep without feeding RB with protected KSO supplementation (S1K0) were higher than S0K0 group, that was 48.54 vs 6.04 g (Table 2 ), but there were not significant difference of IMF content between those groups. It could occur because PUFA from protected KSO inhibited the longchain fatty acid synthesis in adipose tissue (Bergen et al., 2005) . According to Clarke (1993) , French et al. (2000) and Hess et al. (2008) , PUFA inhibited the transcription of fatty acid synthetase enzyme, so that the de novo fatty acid synthesis was inhibited, thus the IMF content was significantly different, allthough lipid consumption in S1K0 was higher than S0K0 group. The influence of those fatty acid synthesis was dominant than 15% level RB supplementation, so that IMF content between S1K1 and S1K0 sheep group were not different and tends to lower than S0K1. The influence of feeding RB on lipogenesis was more dominant than inhibition of de novo fatty acid synthesis occured in 30 and 40% level of feeding RB, so that IMF content in S1K2 group was higher (P<0.05) than those in S0K2 (4.75% vs 4.32%) and IMF content in S1K3 was higher (P<0.05) than S0K3 group (5.93% vs 5.40%). Deposition of PUFA from KSO became more effective by the increasing of glycerol phosphate supply and the decreasing of PUFA oxydation due to increasing of glucose supply, along with the increasing of RB feeding level (Bell, 1979; Christie, 1979b) . Protected KSO supplementation combined with 30% and 45% RB feeding level allowed the higher supply of PUFA than the other treatment groups. The higher supply of PUFA allowed its deposition in TG form, in addition to
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Meat Cholesterol
Intestinum was main cholesterogenesis place in ruminant animal. Those cholesterogenesis increased along with the increasing of lipid consumption. This increasing was required to facilitate the abssorbed lipid transport (Bell, 1979 ). As for cholesterol synthesis level in adipose tissue was not influenced by fat supplementation (Vernon, 1979) . Table 4 indicated that lamb cholesterol level in S0K0 treatment group was lower (P<0.05) than those in S0K1 and S0K2 (74.15 mg/100 g vs 86.11 and 89.21 mg/100 g). It could occur due to lower lipid consumption by S0K0 sheeps group (6.04 g vs 16.66 and 31.76 g), so that intestinal cholesterol synthesis rate in S0K0 sheep group also lower than those in S0K1 and S0K2. The low of cholesterol synthesis rate did not allow the increasing of cholesterol deposition in intramuscular adipose tissue. Meat cholesterol concentration in sheep received 45% level of RB without KSO supplementation (72.63 mg/100 g) was not significantly different from those in sheep without KSO supplementation and RB feeding (74.95 mg/100 g) and it was lower (P<0.5) than S0K1 (86.11 mg/100 g) or in S0K2 (89.21 mg/100 g).
The high lipid consumption in S0K3 group (45.21 g) as could be seen in (Table 3) were also supported by the increasing of androgen hormone secretion which also be synthesized from cholesterol (Murray, 1997) . Enhancing of the use of cholesterol to fulfill the above requirement, it needed the taking of the extrahepatic tissue cholesterol, among other adipose tissue (Bell, 1979) . Those phenomena maybe cause the lower (P<0.05) meat cholesterol content in S0K3 group than those in S0K1 and S0K2, and were not different from S0K0. The intestinal cholesterol synthesis was expected increase due to protected KSO supplementation in S1K0 treatment group, as result of increasing the lipid consumption, namely 48.54 g ( Table 2 .). The increasing of cholesterol synthesis was accompanied by increasing of HDL synthesis (Table 3 ) which supported by increasing of linoleic acid supply. Those lipoprotein then took the cholesterol for esterification with linoleic acid, and took apart of low density (LDL) cholesterol, and then transported it to the liver through the enterohepatic pathway for oxydized became bile acid, to support the lipid digestion
Inclusion of Kapok Seed in Diet (Widiyanto et al.) and absorption (Murray, 1997) . The CE from unsaturated fatty acids was oxydized faster than those from saturated fatty acids. Unsaturated fatty acid stimulated cholesterol excretion through the intestine (Lough et al., 1992) . The ration fed to sheep in S1K0 treatment group was forage only, namely field grass (FG), so that the undigested fiber bounded bile acids and increased its excretion in feces (Lough et al., 1992; Murray, 1997) . Process on blood cholesterol which was synthesized through intestinal cholesterogenesis, thus did not increase the cholesterol deposition in adipose tissue, so that meat cholesterol content in S1K0 were lower (P<0.05) than those in S0K0 treatment group, although the lipid consumption in S1K0 was higher than S0K0. Daily average of lipid consumption increased along with the increasing of RB feeding level in KSO supplemented sheep, that was 73.71; 87.95 and 98.87 g, each in S1K1, S1K2 and S1K3 treatment groups (Table 2 ). The increasing of lipid consumption will be followed by increasing of bile acid secretion for digestion and absorption. The increasing of RB feeding level to sheep received KSO supplement, also resulted in increasing of body weight. Those physiological and biochemical process which resulted in increasing of body weight were supported by secretion of several substances, among other steroid hormone. Those cholesterol were taken by HDL from intestinal synthesis, other lipoprotein, particularly LDL and extrahepatic tissue (especially adipose tissue). It resulted in decreasing of meat cholesterol content along with increasing of RB feeding level in sheep received protected KSO supplemen (73.47, 62.46 and 65.26 mg/100 g, each in S1K1, S1K2, and S1K3 treatment groups). The taking of cholesterol increased with increasing of HDL as result of the increasing of PUFA intake, which reflected in enhancing of HDL cholesterol content (Table 3) .
Linoleic Acid and Unsaturation Degree of Intramuscular Fatty Acid
Relative proportion of meat linoleic acid of sheep received 15% without KSO supplementation (S0K1) was not significantly different from S0K0 treatment group, being 2.89 and 2.53%, respectively (Table 4. ). Field grass as conventional feed was low in lipid content, approximately 1.37% only, so that lipid consumption in SoKo treatment group was also low, namely 6.04 g/head/day. Main fatty acids constituent in forage lipid were linoleic acid and linolenic acid (Christie, 1979b; Byers and Schelling, 1988) . Apart of those unsaturated fatty acids were avoided from rumen microbial biohydrogenation, absorbed from intestine and esterified as phospholipid and cholesteryl ester (Bell, 1979; Petit et al., 2002; Jenkins and Bridges, 2007) . Those esterification was conservation mechanism of unsaturated fatty acids because its metabolism became slow (French et al., 2000) . The RB, had higher lipid content than forage (17.08%). Those cereal lipid was linoleic fatty acid source (Christie, 1979b) .
Feeding RB at 15% level increased the lipid consumption from 6.04 up to 16.66 g/day. Biohydrogenation process in the rumen resulted in not significantly different linoleic acid deposition from sheep received FG only. Increasing of RB proportion (up to 45% level) to the sheep without KSO supplementation resulted in increasing of linoleic acid relative proportion significantly (P< 0.05), that was 3.68% in S0K2 and 4.04% in S0K3. Readily available carbohydrate source (RB) could decrease the rumen fluid pH, so that inhibited liopolytic microbes to hydrolize the ester bound between fatty acid and glycerol, so that avoided the formation of fatty acid with free carboxyl group (Bauman et al., 2003) . The presence of carboxyl group was prerequisite of biohydrogenation process of double bound in PUFA (Araujo et al., 2010) . Thus, the increasing of RB proportion in S0K2 and S0K3 treatment group could increase the bypassed PUFA from ruminal biohydrogenation, so that increased its deposition in meat. Table 4 indicated that the increasing of linoleic acid relative proportion in m. longisimus thoracis was followed by the increasing of unsaturation degree of intramuscular fatty acids. Those was reflected in increasing of iodin number (IN) along with the increasing of RB level (3.07; 3.66; 4.09 and 4.98 in S0K0, S0K1, S0K2, S0K3, respectively) . In addition to increasing of linoleic acid relative proportion, the increasing of unsaturation degree of intramuscular fatty acids also due to the decreasing of palmitic and stearic acids relative proportion. It was in accordance with Christie opinion (1979a) , who stated that compensatoir decreasing of palmiitic and stearic acid could occur along with increasing of linoleic acid relative proportion. Decreasing of palmitic and stearic acids occured because inhibition of de novo fatty acid synthesis of both fatty acids as result of increasing of linoleic acid taking by adipose tissue (Vernon, 1979) . The PUFA could inhibite gen transcription for fatty acid synthetase enzyme, especially acetyl-CoAcarboxylase, so that resulted in de novo fatty acids biosynthesis inhibition (Clarke, 1993; French et al., 2000; Wood et al., 2008) .
Protected KSO supplementation to sheep without feeding RB resulted in linoleic acid relative proportion 8.92% with 6.96 IN (Table 4. ). Those were higher than meat linoleic acid relative proportion and unsaturation degree of intramuscular fat in sheep without KSO supplementation, although fed RB up to 45% level (proportion of linoleic acid was 8.92% with 6.96 IN). It caused by protected KSO supplementation which allowed higher lipid consumption (48.54 vs 45.21 g) and higher post ruminal linoleic acid supply than sheep groups without KSO supplementation. The increasing of linoleic acid supply which available for absorption resulted in higher meat linoleic relative proportion and IN in S1K0 than in S0K3 group.
Combination treatment between 15% level of feeding RB and protected KSO supplementation (S1K1) resulted in 10.33% linoleic acid proportion. Those were higher (P<0.05) than linoleic acid proportion in S1K0 group (8.92%). Christie (1979b) explained that if the available PUFA in intestine exceeded tha capacity of esterification to phospholipid and cholesteryl ester, a significant number of PUFA will be esterified as TG component and non esterified fatty acids (NEFA), and then was taken by adipose tissue. As energy source, PUFA will be oxydized faster than saturated fatty acids. It will decrease its deposition in adipose tissue (Peng et al., 2010) . Microbial fermentation of RAC (in this case was RB) in the rumen resulted in VFAs with high proportion of propionic acid (Hungate, 1966) . Throughout gluconeogenesis process in liver, most of propionic acid was converted to glucose. Those in adipose tissue will increase the acetic acid as energy source, so that it will decrease the PUFA oxydation. Those increased the oportunity of PUFA from TG and non esterified PUFA for deposited in adipose tissue (Christie, 1979a; Gibb et al., 2005) . The above fenomenon was expected caused the higher of linoleic acid relative proportion in combination between KSO supplementation and RB than KSO supplementation without RB sheep groups.
Furthermore the increasing of linoleic acid proportion (15.52 and 18.25%) was found in sheep supplemented by protected KSO with feeding 30 and 45% level of RB, respectively. In addition to above factors, increasing of linoleic acid relative proportion could be caused by increasing of lipid consumption and PUFA which available in post ruminal digestive tract, due to increasing of RB portion level.
Without KSO supplementation, increasing of feeding RB from 30% to 45% did not result in significant difference of meat linoleic acid relative proportion. Significantly increase occured through combination with KSO supplementation, namely 15.52% in S1K2 to 18.25% in S1K3. The lower relative proportion of meat linoleic acid was found in S1K2 than S1K3, in addition to lower lipid consumption, also expected due to higher of conversion rate of linoleic acid became to arachidonic acid (Smith et al., 2009) . Sardesai (1992) stated that arachidonic acid was main product of desaturation and elongation from linoleic acid. Amount of those elongation and desaturation appeared from the higher of IN (P≤ 0.05) in S1K2 treatment group than S1K2 (12.52 vs 10.25). The increasing of conversion of linoleic acid to arachidonic acid was required to support the increasing of physiological and biological activity, which reflected in the better performance of sheep in S1K2 than in S1K3 treatment group, especially in body weight gain (Table 3. ).
CONCLUSIONS
Supplementation
of protected KSO decreased meat cholesterol content. Protected KSO supplementation which combined with RAC source concentrate (in this case was RB), increased the proportion of omega 6 fatty acid (linoleic acid) and unsaturation degree of meat fatty acid. Inclusion of Kapok Seed in Diet (Widiyanto et al.) 
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